Alfalfa, red clover, orchardgrass and timothy were harvested in the vegetative stage, wilted and stored as hay, or ensiled in small batch silos (20 kg) at 60, 40 or 20% (direct cut) dry matter and were analyzed for compositional differences. A ruminally cannulated lactating cow, consuming 50% of her dry matter intake from hay crop silage, was used to measure in situ dry matter, N, neutral detergent fiber and acid detergent fiber disappearance. Diaminopimelic acid was used as a bacterial marker to correct for bacterial N contamination for in situ residual N. Fibrous components tended to become concentrated as percent dry matter at preservation decreased, presumably associated with leaching of water solubles during storage. For most forages, as dry matter percentage of preservation decreased, water soluble dry matter and N increased, with a concomitant increase of ruminally nondigested dry matter. Specific trends in coefficients of digestion associated with forage type or preservation dry matter percentage were not observed for dry matter, N, neutral detergent fiber or acid detergent fiber. Correction for contamination by bacterial N decreased lag time in digestion and altered rates of N digestion compared with noncorrected rates. Linear and quadratic bacterial N contamination profiles were observed with time of ruminal incubation. Rate of digestion of N was highly correlated with fibrous component concentration, and to a lesser extent to rate of neutral and acid detergent fiber digestion. Dry matter percentage at preservation had a variable effect on ruminal digestion rate of dry matter and N, which varied with forage type and had no effect on neutral detergent and acid detergent fiber digestion rates. Correction for bacterial N contamination should be considered when establishing N digestion rates for forage by the in situ technique.
Introduction
Ensiling of low-moisture silages (55 to 70% dry matter, DM) is conducive to formation of Maillard products, resulting in reduced utilization of hay crop silage N (Gordon et al., 1961; Roffler et al., 1967; Merchen et al., 1981) . Merchen et al. (1981) found increased percent of dietary N reached the duodenum when cows were fed 65% DM alfalfa compared with 30 or 40% DM silage or to hay. In contrast, high-moisture silages (20% DM, direct cut) produce large volumes of effluent and t The authors express appreciation to A. Warner, D. G. Braund, R. Ellis, C. Olcort and K. Nash for technical assistance and J. Eng/ish for assistance in statistical analysis. Also, appreciation to C. J. Sniffen, Corneli Univ. for analytical support assistance.
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3 Dept. of Res. and Dcv. Received March 6, 1986, Accepted August 8, 1986. nutrient loss with leaching and nondesirable fermentation. Akin and Amos (1975) indicated that bacterial attachment is required before degradation of resistant plant tissues. The degree of attachment depends on bacterial type, substrate and time of incubation (Latham et al., 1978a) . Research (Meyer and Mackie, 1983 ; Kennedy et al., 1984) has demonstrated the potential for bacterial contamination of in situ residues. However, no research has investigated the influence that bacterial N contamination may have on N digestion kinetics derived from in situ experimentation with forages.
The objectives of our trial were to determine the influence of percent DM at preservation on chemical composition and kinetics of digestion of various chemical components for different hay crops, and to investigate the influence of bacterial N contamination on N digestion kinetics.
Experimental Procedure
Harvest of Forage and Sampling. Two legumes (alfalfa, Medicago sativa, and red 552 J. Anim. Sci. 1987.64:552-564 clover, Trifolium pratense) and two grasses (orchardgrass, Dactylis glomerata and timothy, Phleum pratense) from pure established stands were harvested in the vegetative stage of maturity in early June (legumes, June 6; grasses, June 13). Herbage was cut at one time with a combination bar mower-crimper conditioner (4.2-m wide windrow). All samples were randomly collected from one swath to obtain approximately 50 kg of herbage for each herbage-storage form combination. Herbages to be stored as hay, and ensiled at 60 and 40% DM were wilted (sun-cured) on paper sheets. As each desired DM was reached the entire wilted sample (40 and 60% DM forage) was chopped by a forage harvester using 3.0-cm theoretical length of cut. Forages ensiled at 20% DM were chopped immediately after cutting. Approximately 20 kg of each forage to be ensiled was packed into double-lined plastic bags, tied off and stored in 80-liter plastic containers. Weights of approximately 20 kg were placed on top of the plasticenclosed forage for compaction during fermentation. After 6 wk storage, plastic bags were opened, and entire contents were divided vertically. Ten to 12 grab samples were taken from the entire width and length on both surfaces to obtain approximately 5 kg of wet forage. A subsample of each treatment was taken immediately for DM determination in a 55 C forced-air oven for 48 h. The remaining samples were stored at --20 C in plastic bags until subsequent laboratory analyses.
In Situ System. In situ procedures were described previously (Nocek, 1985) ; however, specifics associated with this trial will be briefly discussed here.
A third-lactation Holstein cow fitted with a ruminal cannula (10 cm inside diameter) was used between 2 and 4 mo of lactation for in situ digestion trials. She was fed a total mixed diet of 50:50 forage: concentrate mixture (DM basis), offered for ad libitum consumption at 0500, 1000, 1600 and 2100 in an attempt to minimize diurnal variation of ruminal fermentation patterns. In addition, mixed, mostly legume hay (2.5 kg) was fed twice daily at 1200 and 1900 h.
Polyester 4 bags (22 x 9 cm) were made with double-sewn seams using nylon thread; needle 4 Precap polyester, Tetko Inc., Elmsford, NY.
holes were sealed with waterproof glue. Bag porosity was 59 +-2 /am as specified by the manufacturer. Five grams of silage or hay (4-ram grind) were weighed into tared bags, which were closed and tied with nylon string. A 150-g weight was used to tie triplicate sets of bags at one end, and .5 m of 13.6-kg test fishline to the other end at each of the following ruminal incubation times: 1, 2, 3, 4, 6, 8, 12, 16, 28, 40, 52, 76 and 100 h. At each time, a group of bags was submersed into the liquid strata of ruminal contents in the mid-ventral region. The fishline was secured to the ruminal cannula cover to allow bags to move with ruminal contents. A standard feed ingredient (cottonseed meal, CSM) in a separate bag tied and incubated with each group of test forages was used to monitor day-to-day variation in ruminal function (Nocek, 1985) . If DM disappearance of CSM varied more than 5% from established standard disappearance curves, the test feeds were retested.
Just before ruminal incubation, bags were soaked in a specific amount of 39 + 3 C tap water (250 mg N/liter water; Crooker et al., 1978) for 15 rain to remove soluble and(or) 59-/am filterable material. Forage DM and N water washout was defined as weight loss due to soaking and expressed as preruminal disappearance of DM or N. Dry weight of material remaining after soaking defined the 0-h pool size of potentially digestible and nondigestible material in the forage.
After removal from the rumen, bags were rinsed immediately with running tap water as a preliminary rinse. Bags were rinsed a second time (approximately 2 min per group of four bags) while manipulating the feed sample residue within bags, until the rinse water was clear. Bags were dried in a forced-air oven at 55 C to constant weight. Percent residual DM was calculated. Bags containing forage residue at each incubation time were emptied, composited and residues were ground (1 mm).
Cbemical Analyses. Nitrogen analysis was by the macro-Kjeldahl method (AOAC, 1975) and percent residual N was calculated.
Diaminopimelic acid (DAPA) was measured on original and post-soaked residue samples, and at every other time interval (1 to 100 h). The DAPA procedure was that of Czerkowski (1974) and el-Shazley and Hungate (1966) . Ruminal fluid (250 ml) was collected (at 1300) on the final day of each ruminal incubation series, strained and frozen (-20 C). Ruminal fluid samples for each forage type were composited. Bacteria were harvested (1,000 • g for 10 min. followed by centrifugation of the supernatant at 16,000 • g for 30 min.) to quantify DAPA. Mean bacterial N:DAPA ratio was 34.3 + .9. Bacterial N of sample residues was calculated from DAPA concentration by the ratio of bacterial N :DAPA in isolated ruminal bacteria. Residual N at each digestion time then was corrected for bacterial N contamination; results were expressed as N disappearance corrected for bacterial N.
Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were measured on original, post-soaked and on each incubated composite according to Goering and Van Soest (1970) . For original samples, acid insoluble lignin was determined on ADF residues (Goering and Van Soest, 1970) . Cellulose was the weight loss of the ADF residue after digestion with 72% sulfuric acid (Goering and Van Soest, 1970) . Hemicellulose was calculated as the difference between NDF and ADF.
Digestion Rate Determination. Residual nutrient as a proportion of original nutrient (corrected for pre-ruminal soluble nutrient) was plotted as a semilog function of fermentation time in the rumen. The endpoint of digestion or ruminally nondigestible nutrient (lowest percent residual) was subtracted from each of the previous time fermentation residues to calculate potentially digestible nutrient remaining (t>0, endpoint residual = 0%). Digestion profiles were subjected to curve-peeling techniques (Shipley and Clark, 1972; Waldo et al., 1972; Mertens, 1973) . Justification for use of this procedure and stepwise details were discussed previously (Nocek and English, 1986) .
The statistical design for the chemical composition and rate coefficient data was a singularly replicated factorial (Cochran and Cox, 1957 ). The following model was used in the analysis of variance: Yij =/lij + ~i + ~ij + eij, where/1 = mean observation; ~i i = effect of the ith preservation dry matter percentage, i = 1 to 4;/3j = effect of the jth forage type, j = I to 4; and eij = residual variation inherent in the Yij observation. When significant (P<.05) main effect differences were detected, Duncan's multiple range test (SAS, 1985) was employed. Correlations among nutrient constituents, rate coefficients and ruminal nutrient availability fractions were determined by the Pearson's production-moment correlation technique as described in the Statistical Analysis System (SAS, 1985) . Individual nutrient availability fractions and time-dependent ratios of bacterial N to total residual N were tested for significant linear and quadratic components. If the quadratic component did not contribute significantly (P>.05) to the model (~ty = ~ + H1X + ~2 X2 + exy), then a linear model (/~y = 5 + /31X + exy) was used to describe the profile (Cochran and Cox, 1957) .
Results and Discussion
Chemical Composition of Forages. Dry matter concentrations of fermented forages were within +5 percentage units of anticipated concentrations (table 1) . Therefore, for ease of discussion, intended levels will be used to describe treatments. Although not significant, there was a tendency for decreased crude protein concentration for ensiled legume compared with hay ; however, this was not true for grasses.
Acid detergent fiber (ADF) was lower (P<.0S) for red clover compared with grasses, with no significant effect of forage preservation DM percentage on ADF concentration. Neutral detergent fiber (NDF) concentration followed a similar pattern (P<.05) within forages. Hemicellulose concentration fluctuated within legumes, and was 20 to 30% of that found in grass, as noted by Van Soest (1967) . Grasses demonstrated a tendency for increased hemicellulose concentration as DM decreased. In contrast, Thomas et al. (1968) showed DM from ensiled, direct-cut alfalfa contained less hemicellulose than the companion hay. Cellulose concentration also was lower (P<.05) for legumes than grasses. Lignin concentration was highest (P<.05) for alfalfa, and lowest for red clover, with grasses being intermediate as noted by Smith et al. (1972) . For ensiled alfalfa and orchardgrass, there was a tendency for lignin concentration to decrease with percent DM at ensiling.
Reasons for specific trends for increased concentrations of fiber components as preservation DM percentage decreased are not readily apparent. It is possible that wetter forages did not maintain a homogenous DM concentration throughout the sealed plastic bags used for ensiling. Water and water soluble material may have leached to the bottom, therefore concentrating fibrous constituents (Van Soest, 1982) . Although organic acids (lactate and volatile fatty acids) were not measured, DM from Figure 2 . Ruminal availability profiles for forage types at different preservation dry matter percentages determined by the in situ polyester bag technique. A) Neutral detergent fiber; B) Acid detergent fiber. Q = quadratic. Each value represents an analysis of a composite of residues from three bags suspended in the rumen. Pooled standard errors of the mean were neutral detergent fiber: insoluble potentially digestible = .73 and nondigestible = .74; acid detergent fiber: insoluble potentially digestible = .81 and nondigestible = .78. *P<.05. digestion rate coefficients compared with hay and 40% DM forage. However, rate coefficients for hay and 40% DM forage were 20% of that for alfalfa.
A C I D D E T E R G E N T F I B E R
Soluble and 59-/am filterable DM and rate coefficients of ruminal DM digestion were negatively correlated to concentration of .o ~.
-o ~ :o
A components of forage. Other researchers (Nocek et al., 1979 ) demonstrated a positive correlation (r = .66) between rapidly and slowly digestible DM for a variety of feedstuffs. Digestion lag time for N was not demonstrated for forage preserved as hay for alfalfa, red clover or timothy, with lag times for other forage treatments ranging from 2 to 8 h (table  3) . Alfalfa and red clover had fast and slow N digestion rate coefficients for hay, 60 and 40% DM forage, and orchardgrass for all preservation DM percentage levels. Although no significant forage or DM percentage effects were detected for N digestion rate, alfalfa 20% DM forage digestion rate was 10% of that for other alfalfa preserved at higher DM percentages. A similar tendency was demonstrated for red clover and timothy. Mean and single N digestion rates tended to be lower for timothy compared to other forages.
Figures 3 and 4 illustrate bacterial N contamination as a percentage of total residual N in relation to ruminal incubation time for all forage treatments. Trends for time-related contamination were variable for forages and preservation DM percentage levels. In general, contamination was lower during the initial time periods of ruminal incubation and tended to Figure 3 . Bacterial N contamination at specific times after ruminal exposure in polyester bags as a percent of total residual N for forage types preserved at different dry matter percentages; hay (o), 60% dry matter forage (i), 40% dry matter forage (o) and 20% dry matter forage (o). A) Alfalfa; B) Clover. L = linear, Q = quadratic. Each value represents an analysis of a composite of residues from three bags containing the test forage suspended in the rumen at the designated times. Pooled standard errors of the mean were alfalfa = 1.09, clover = 1.07. *P<.05 ; **P<.O1. Figure 4 . Bacterial N contamination at specific times after ruminal exposure in polyester bags as a percent of total residual N for forage types preserved at different dry matter percentages; hay (*), 60% dry matter (m), 40% dry matter (o) and 20% dry matter (Q). A) Orchardgrass; B) Timothy. L = linear, Q = quadratic. Each value represents an analysis of a composite of residues from three bags containing the test forage suspended in the rumen at the designated times. Pooled standard errors of the mean were orchardgrass = 1.06, timothy = 1.12. NS = nonsignificant; *P<.05 ; **P<.01. increase with time. There was a tendency for bacterial N to peak and either plateau or decline for the remaining time period. However, the time of peak contamination varied considerably. In evaluating the relative contribution of bacterial N contamination to total residual N it must be realized that although contamination appeared high, the concentration of residual forage N was decreasing with time.
Bacterial N contamination regressed on time of ruminal incubation revealed significant linear and quadratic (except for orchardgrass) components by forage type (alfalfa, quadratic, P<.05; clover, quadratic, P<.O1; orchardgrass, linear, P<.01; and timothy, quadratic, P<.01) . Regression analyses were also conducted on the time-dependent accumulation of DAPA. The relationship between time and DAPA accumulation also contained significant quadratic components for each forage (alfalfa and clover, P<.05 ; timothy and orchardgrass, P<.01). These data suggest that bacteria continually attach to forage particles up to a particular time of ruminal exposure. Thereafter, bacterial attachment appears to be a function of attachment site availability, i.e., attachment sites are degraded, or substrate availability is limited. Akin et al. (1974) , Akin and Amos (1975) and Akin (1976) indicated that many morphological types of bacteria become associated with plant cell waUs during the degradation process by means of an extracellular glycoprotein coat, primarily attaching to epidermal cell walls (Latham et al., 1978a) . Latham et al. (1978a) demonstrated more adherence of specific cellulolytic bacteria to cut edges of plant cell wall than to noncut surfaces, which increased linearly up to 9 h of incubation in ruminal fluid. These researchers (Latham et al., 1978b) also indicated that bacterial adhesion and digestion were quite variable depending on the specific type of cell wall or structure examined (i.e., phloem and epidermis, extensive; bundle sheaths and vessel, negligible bacterial adherence). Nocek (1985) demonstrated no significant difference in rate coefficients of N disappearance for soybean meal with or without correction for bacterial N contamination. However, the elevation of slope was 8.1 percentage units lower for the corrected rate, which could influence quantitative estimation of insoluble potentially digestible N. Mathers and Aitchison (1981) demonstrated nearly 20% of the residual N in alfalfa samples was of microbial origin after 24 h in the rumen; however, contamination was very small for fish meal (<2%). Blair and Cummins (1983) reported percent microbial N contamination for soybean meal after 18 h of ruminal exposure to be 41.6% of total N after washing bags with water. For dehydrated alfalfa, microbial N after 12, 18 and 30 h of ruminal exposure with a subsequent water wash was 4.1, 11.7 and 8.7% of total N, respectively.
The effect of correcting digestion points for bacterial N contamination had a variable effect on digestion rates for forage t);pe and DM percentage treatments (table 3) . In all but four treatments, digestion lag time was reduced by at least .5 h and up to 5 h when compared with noncorrected mminal N digestion rates. Using subjective appraisal and increased coefficients of determination (r 2) as criteria, correction for bacterial N indicated a two-slope digestion profile would be more appropriately described as one linear rate for red clover 60% DM forage and for all orchardgrass treatments. Only for red c/over 20% DM was a two-linear rate description more appropriate than one linear rate after correction for bacterial N. For alfalfa 40% DM-and red clover hay and 40% DM forage, coefficients of determination (r 2) were increased, especially for the slow rate. When comparing mean or single rate coefficients of digestion, noncorrected vs corrected for bacterial N contamination, alfalfa hay, 60%, and 40% DM forage and orchardgrass hay tended to be lower; orchardgrass 40% DM forage remained the same; and all other treatments demonstrated a tendency for increase in rate of ruminal N digestion.
When digestion points were corrected for bacterial N contamination, negative correlations were found for all fibrous fractions (NDF, r = --.83, P<.001 ; ADF, r = --.87, P<.001 ; Hemicellulose, r = -.73, P<.01 ; cellulose, r = -.83, P<.001). These correlations to fibrous components suggest that N digestion of forage in the rumen depends on fibrous component concentration, and the rate at which they are degraded may have a smaller effect (rate of ruminal digestion of ADF, r = .43, P<.09;NDF, r = .34, P<.lg). Lindberg (1981) reported high correlations between ruminal N and NDF disappearance from nylon bags for hays, and suggested that nitrogenous compounds in natural feedstuffs are protected by fibrous structure. Table 4 shows that digestion lag times for NDF ranged from 0 (red clover as hay and 60% DM forage) to 4 h (red clover 20% DM forage).
Other reports (Mertens and Loften, 1980; Varga and Hoover, 1983) have shown lag times in this range for similar forages. Alfalfa 60%, red clover 20%, orchardgrass 60% DM and timothy hay were the only forages with digestion profiles with two linear rate characteristics. The endpoint of digestion ranged from 40 h (alfalfa, 20% DM) to 76 h (alfalfa, 60% DM). Neither forage type nor DM percentage had a significant effect on NDF digestion rates. There was a tendency for the 60% DM forages for red clover and timothy to have slightly lower digestion rates compared with other DM percentages, with alfalfa 60% DM forage having the highest overall NDF digestion rate. All other forages were within the range of reported values Mertens and Loften, 1980; Varga and Hoover, 1983) . Smith et al. (1972) studied the relation of forage composkion to rates of cell wall digestion and indigestibility in vitro. These researchers indicated that fiber digestion followed firstorder kinetics even though individual forages differed widely in maturity, composition and rate of fiber digestion. Mertens (1977) indicated that when the maximum extent of digestion is used to define the potentially digestible pool, digestion can be described as the sum of two digestible fractions, each of which are first order, but with different rate constants.
Digestion profiles of ADF were primarily single rate, with the exception of alfalfa hay and 60% DM forages. Alfalfa hay, in particular, presented an unusually fast rate of ADF digestion, in view of the slow rate of NDF digestion. The coefficient of determination for a single rate estimation for this forage was .87, with a digestion rate coefficient of 4.35%/h. This particular example dramatically illustrates the effect of mathematical manipulation on the outcome of kinetic digestion rate determination using the same data set. Under the conditions of this study, NDF and ADF from grasses and legumes, in vegetative stage of maturity were digested at similar (P>.05) rates in the rumen.
In summary, results suggest that as preservation DM percentage of hay crops ensiled in small batch silos decreased, specific fibrous components tended to become concentrated most likely due to leaching of water solubles. However, for most forages, as preservation DM percentage decreased, water soluble and 59-/~m filterable DM and N increased with a concomitant increase in ruminally nondigestible DM. Ruminal nondigestible ADF and NDF were not affected by preservation DM percentage. Digestion rate coefficients for DM, N, NDF and ADF showed no consistent trends with regard to preservation DM percentage. Correction for bacterial N contamination decreased lag times in digestion and changed rates of N digestion compared to noncorrected rates. Bacterial N demonstrated linear and quadratic contamination profiles with time of ruminal incubation. Estimation of bacterial N contamination should be considered when establishing ruminal N digestibility rates for forages. Highly significant correlations between rate of N digestion and concentration of specific fibrous components suggest that ruminal N digestion is more dependent on fiber concentration than the rate at which it is digested in situ.
